INTRODUCTION
Ureterolithiasis is one of the most common diseases managed by urologists. Conservative treatment with analgesics and oral hydration is the preferred option for patients with small stones in the lower ureter. However, the success rate of conservative treatment of ureterolithiasis depends mainly on the size and location of the stone [1] . When patients present with colic symptoms, 60% of stones are located at the ureterovesical junction, but 23.4% are located between the ureteropelvic junction and the iliac vessels. In these cases, extracorporeal shock wave lithotripsy (ESWL) is preferred over conservative therapy [2] . Although ESWL is an effective, noninvasive, outpatient treatment modality, the success rate of ESWL is not as high as that of ureteroscopic lithotripsy [3] . Furthermore, renal colic caused by steinstrasse after ESWL and the prolonged treatment period are problematic [4] . To prevent these complications, ESWL combined with the administration of an alpha adrenergic receptor (AR) antagonist such as tamsulosin has shown good efficacy in treating patients with ureteral stones [5] .
Alpha-1 AR antagonists decrease the tension of ureteral smooth muscle, peristaltic frequency, and amplitude of the ureter. As a result, the increased intraureteral pressure gradient created around the stone facilitates its expulsion by urinary flow.
The pharmacologic selectivity and potency of alfuzosin for the various AR subtypes differ from than that of other alpha AR antagonists such as tamsulosin, doxazosin, and terazosin [6] and the expression level of each alpha-1 AR subtype depends on the location within the ureter [7] . Few studies have been performed to evaluate the efficacy and safety of alfuzosin in adjunctive therapy after ESWL and even in medical expulsive therapy (MET). We performed this study to assess the efficacy and safety of alfuzosin for treating ureter stones.
MATERIALS AND METHODS
This study was a randomized, prospective, single-blind clinical trial performed between June 2010 and July 2011 in the urology department of the Eulji Medical Center. The study protocol was approved by the ethics committee of our hospital, and all patients enrolled in this study provided written informed consent. All patients who presented with acute ureteric colic were referred to our ESWL center through the emergency department or urology clinic. Patients with evidence of ureteral calculi on a plain kidney-ureter-bladder (KUB) X-ray, urinalysis, and physical examination were evaluated with noncontrast computed tomography to confirm radio-opaque ureteric calculi and to measure the size of the stone. Complete blood count, urine culture, renal profile, coagulation profile, and pregnancy tests were conducted. The inclusion criteria were patients with radio-opaque ureter stones of 5 to 10 mm in diameter. Patients with any of the following were excluded: radiolucent stones, paper-thin cortex, nonfunctional kidney, previous genitourinary tract surgery, elevated serum creatinine (＞1.5 mg/dL), severe obesity, pregnancy, concurrent alpha-blocker/calcium channel blocker/steroid/ frusemide usage, aortic or renal artery aneurysm, or contraindications to alpha AR antagonist treatment.
All patients were treated with a Comed Lithotripsy SDS-5000 (Comed Medical Systems, Seongnam, Korea) by one physician in an outpatient setting without any anesthesia. Intramuscular or intravenous administration of analgesics was used for pain control during ESWL. The intensity of the shock waves ranged from one to three, and the frequency of the waves was about 4,000 Hz.
After ESWL, all patients were randomly divided into two groups. Group 1 received alfuzosin 10 mg (once daily) and loxoprofen sodium 68.1 mg (as needed), and group 2 received loxoprofen sodium 68.1 mg (as needed) only. Drug administration started immediately after ESWL and continued until stone expulsion was confirmed with KUB and urinalysis up to a maximum of 42 days after the procedure. Follow-up visits were scheduled weekly and included physical examinations, urinalysis, and KUB. If the ureter stone remained and was larger than 5 mm in diameter at the next follow-up visit, additional ESWL was performed. Oral hydration of at least 2 L per day was recommended to all patients. The efficacy of alfuzosin was assessed in terms of the stone-free rate, time of stone expulsion, and severity of pain compared with the analgesic-only group. After all study steps, the data, including stone size, stone-free rate, time of stone expulsion, visual analogue scale (VAS) score of pain severity, and adverse effects, were analyzed by Student's t-test, chi-square test, and Fisher's exact test.
RESULTS
A total of 90 patients were enrolled in the study, and 84 patients completed the study. Four patients in group 1 and two patients in group 2 dropped out owing to migration or discontinuation of medications or were lost to follow-up. Age, gender, and the size and location of the ureteral stones did not differ significantly between the two groups. The baseline characteristics of the patients are summarized in Table 1 . The mean size of the ureteral stones in groups 1 and 2 was 7.1±1.68 mm and 7.2±1.77 mm, respectively. The stone location of 35 patients in group 1 and of 37 patients in group 2 was the upper ureter.
Thirty-nine of 41 (95.1%) patients in group 1 and 40 of 43 (93.0%) patients in group 2 were stone-free by the end of the study. The stone-free rate was not significantly different between the two groups (p=0.96). The number of patients who required loxoprofen sodium for pain after ESWL was 8 (19.5%) in group 1 and 13 (30.2%) in group 2 (p=0.31). Mean VAS scores for pain severity in patients who experienced renal colic pain were 5.33±1.22 and 6.43±1.36 in groups 1 and 2, respectively (p=0.056). The numbers of ESWL sessions were 1.34±0.65 and 1.41±0.85 in groups 1 and 2, respectively (p=0.33). The mean time of stone expulsion was 9.5±4.8 days in group 1 and 18.6±20.6 days in group 2 (p=0.005) ( Table 2) .
No severe complications developed in either group. Mild dizziness occurred in 2 patients (4.8%) in group 1. Ejaculatory disorders such as retrograde ejaculation were not encountered.
DISCUSSION
The alpha-1 AR antagonists have been shown to be more effective than calcium channel blockers, steroids, and nonsteroidal anti-inflammatory drugs in aiding the expulsion of ureter stones [8] [9] [10] . The expression of alpha-1 AR is sig- nificantly higher in the distal ureter than in the proximal and mid ureter. The α-1A and α-1D AR subtypes are the most common subtypes throughout the human ureter. The distribution of the AR subtypes differs according to the location in the ureter. The α-1D AR subtype is the most common in the mid and distal ureter, whereas the α-1A and α-1D AR subtypes are similarly prevalent in the proximal ureter [11] . Tamsulosin has selective and high affinity for the α-1A and α-1D AR subtypes, and the efficacy of tamsulosin in MET or adjunctive therapy combined with ESWL has been demonstrated in several studies. Kupeli et al. [12] evaluated the role of tamsulosin in MET of lower ureter stones. In that study, the success rate of the tamsulosin group with or without ESWL was higher than that of the control group (33.3% vs. 20% in the MET group compared with 70.8% vs. 42.2% in the adjunctive MET combined with ESWL group) and the efficacy was greater for larger stones [12] . Kobayashi et al. [13] evaluated the efficacy of low-dose tamsulosin (0.2 mg) combined with ESWL. In that study, the stone-free rate did not differ, but the time of stone expulsion was shorter in the tamsulosin group than in the control group (15.7 days in the tamsulosin group vs. 35.5 days in the control group).
In the present study, the stone-free rate after ESWL in both groups was greater than 90%, with no significant difference between the groups, but the time of stone expulsion was significantly shorter in the alfuzosin group than in the control group (9.5 days vs. 18.6 days, p=0.0005). The stone-free rates and the time of stone expulsion were better than in previous reports describing adjunctive MET combined with ESWL [5, [14] [15] [16] . Our inclusion criteria, which were limited to smaller ureter stones, and the additional ESWL might explain the higher stone-free rate in the present study. Even though patients in both groups had high stone-free rates, alfuzosin may have contributed to the significant reduction in the time of stone expulsion compared with that in the control group.
There are few published reports regarding the efficacy of alfuzosin in MET. In a previous study that enrolled 76 patients to evaluate the efficacy of alfuzosin in MET, alfuzosin reduced the time to stone expulsion and pain severity, but the stone expulsion rate was not significantly improved [17] . In another study that evaluated the efficacy of alfuzosin in MET, the overall spontaneous passage rate was increased by 31.8%, with rates up to 51.3% for upper ureter stones. Alfuzosin also reduced the use of analgesics and the need for ureteroscopic lithotripsy or ESWL owing to uncontrolled renal colic pain [18] . In our study, the means of the VAS score after ESWL were 5.33±1.22 and 6.43±1.36 for the alfuzosin group and the control group, respectively. The rates of renal colic episodes after ESWL were 19.5% and 30.2%. The subjective pain scale and the rate of renal colic episodes was less in the alfuzosin group than in the control group, but the differences were not significant.
Although the basic pharmacologic effects of all alpha-1 AR antagonists are similar, the minor pharmacologic differences between alpha-1 AR antagonists may cause different efficacy and safety profiles in MET with or without ESWL.
Yilmaz et al. [19] compared the efficacies of tamsulosin, terazosin, and doxazosin in treating patients with lower ureter stones less than 10 mm in diameter. In that study, these three alpha AR antagonists showed better stone-free rates and decreased pain episodes and analgesic use compared with the control group. No significant side effects, such as severe hypotension, that required the cessation of the medication were reported in any of the AR groups, but the efficacy of alfuzosin was not compared with that of the other AR antagonists. In a study comparing the efficacy of alfuzosin and tamsulosin in treating patients with lower ureter stones, both AR antagonists showed high success rates of stone expulsion compared with a control group. Minor side effects, including headache, dizziness, and hypotension, occurred at similar rates in both groups, but 4.9% to 6.9% of patients in the tamsulosin group experienced retrograde ejaculation, which was not seen in the other groups [20, 21] . In the present study, the stone expulsion rate and the incidence of minor adverse effects such as dizziness and headache were similar to the other previously published studies, and retrograde ejaculation did not occur in either group.
In a recent study that enrolled 200 male patients with lower ureteral stones less than 10 mm in diameter, the selective α-1A AR antagonist silodosin decreased the mean time to stone clearance and increased the stone expulsion rate in MET. However, 3.4% of patients in the silodosin group experienced retrograde ejaculation [22] .
Tamsulosin has higher selectivity for α-1A and α-1D ARs and silodosin has higher selectivity for α-1A AR, but alfuzosin has similar selectivity for all three α-1 AR subtypes. Tamsulosin has a much stronger affinity for α-1A and α-1D ARs than do other AR blockers [23] . These strong affinities of tamsulosin and silodosin for the α-1A AR lead to a high success rate of MET and may explain why these agents cause retrograde ejaculation in young male patients [24] . The incidence of ejaculatory disorders such as retrograde ejaculation is reported to be 0% to 0.3% in patients receiving alfuzosin [25, 26] , whereas ejaculatory disorders occurred in 6% to 18% of patients receiving tamsulosin 0.4 or 0.8 mg [27, 28] . The affinity of tamsulosin for α-1A AR plays an important role in the contraction of the vas deferens and the seminal vesicle [29, 30] and may be one of the reasons patients receiving tamsulosin have an increased incidence of this effect.
In 39 of 44 patients in group 1 and 34 of 41 patients in group 2, the location of the stone was between the iliac crest and the ureteropelvic junction. The expression of alpha-1 AR is highest in the distal ureter, and the proportion of each AR subtype depends on the level within the ureter. The α-1A, -1B, and -1D ARs are found in the entire ureter irrespective of location, and the affinity of alfuzosin for all three AR subtypes is similar. We suspected that alfuzosin would facilitate stone expulsion in the upper ureter like other alpha AR antagonists do. Initially, we planned to compare the efficacy of alfuzosin depending on the location of the stone within the ureter. However, this was not possible because the number of enrolled patients with lower ureter stones was too small.
There are several limitations to our study. First, the success of ESWL could be influenced by the physician's skill. To reduce this discrepancy, all ESWL was performed by one physician who had more than 10 years of experience with performing the procedure. Second, although follow-up was performed weekly, accurate evaluation of stone expulsion time in the unit of a 'day' was not possible in clinical practice. Third, the numbers of patients were not sufficient to evaluate differences in the stone expulsion rate or time depending on the stone location in the alfuzosin group.
CONCLUSIONS
Adjunctive use of alfuzosin in combination with ESWL was effective for reducing the time to stone expulsion in patients with 5 to 10 mm ureteral stones without major adverse effects. Alfuzosin after ESWL facilitates stone expulsion, but no significant improvement was demonstrated in terms of the stone-free rate or subjective pain severity scale.
